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Subject Area D
Cost- and energy-efficient use of computing resources 
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AP D2: KIT

• Instead of each experiment writing their own tracking 

Belle

https://indico.physics.lbl.gov/indico/event/712/
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• 22 Participants from various experiments

• 2 ACTS experts: Dr. Moritz Kiehn und Paul Gessinger

• Members from ATLAS, Belle II, and Mu2e


• Diverse 5 day program

• Mix of tutorials from Moritz and Paul; 

• Talks from Belle II (Dr. Nils Braun), ATLAS (Dr. Nick Styles), Mu2e (Dr. 

Dave Brown) tracking challenges

• A lot of Hackathon time to kick-start projects
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ACTS Workshop Overview

Semi-tauonic Hackathon @ KIT 
Weeklong Semi-tauonic Hackathon 

Goal: Get the core group together and use the 
direct contact to work on open tasks to improve 
Phase III readiness of the analysis
 
- Proposed dates:

- Dec 3 - 7
- Dec 10-14
- Dec 17-21

- Location:
- ETP at KIT
- Best way to fly in: Frankfurt and then 

take the ICE train (1h) to Karlsruhe 
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https://doodle.com/poll/gp97qggr5n8g6ntg

Pick your favourite:
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• Full list available here: 
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Example Projects

https://docs.google.com/presentation/d/1agWKZN0SiIwxptRfx6kIwx9GimhbvHdNTwCk2Afef9Q/edit#slide=id.p
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First results: Belle II Geometry in ACTS
GEOMETRY
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GEOMETRY
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Belle II 
Drift ChamberBelle II 

VXD
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MAGNETIC FIELD
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First results: Belle II Magnetic field
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First results: Track extrapolation 

EXTRAPOLATION

ME = Magnetic effects (turned on or off), IF = interpolated field of Belle II
(instead of constant 1.5 T)
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Belle II 

algorithm 


versus 

ACTS

THE TRACK EXTRAPOLATION PACKAGE IN THE NEW ATLAS
TRACKING REALM

A. Salzburger , Leopold-Franzens-University, Innsbruck, Austria

Abstract
The extrapolation of track parameters and their associ-

ated covariance matrices to arbitrarily oriented surfaces of
different types inside a non-uniform magnetic field is a fun-
damental element of any tracking software. It has to take
multiple scattering and energy loss effects along the prop-
agated trajectories into account. A good performance in
respect of computing time consumption is crucial due to
hit and track multiplicity in high luminosity events at the
LHC and the small time window of the ATLAS high level
trigger. Therefore stable and fast algorithms for the trans-
port of the track parameters and their associated covariance
matrices in specific representations to different surfaces in
the detector are required. The recently developed track ex-
trapolation package inside the new ATLAS offline tracking
software is presented in this document.

INTRODUCTION
During the recent redesign of the ATLAS offline recon-

struction software, a new track extrapolation package has
been developed within the C++ based software framework
ATHENA [1]. The transportation of track parameters and
their associated covariance matrices to a given detector sur-
face is a fundamental and frequently performed process in
most track fitting algorithms. In general, the extrapolation
process can be divided into two parts. The first step is the
geometrical transport of the track parameters respectively
covariance matrices to given surfaces and will be in the fol-
lowing referred to as propagation, Fig. 1 shows a simplified
illustration of such a propagation. The second procedure is
the update of the propagated parameters and errors, taking
multiple Coulomb scattering and energy loss effects dur-
ing the propagation process into account. This note covers
mainly the first part of the extrapolation process.

THE EXTRAPOLATION PACKAGE
DESIGN

The extrapolation package is fully integrated into the
ATHENA framework and based on the recently developed
ATLAS Event Data Model (EDM) with its associated com-
mon tracking algorithms and data classes [2]. The main in-
gredients of the extrapolation package are AlgTool classes
that inherit from the GAUDI [3] AlgTool interface class.
AlgTools are managed by a central GAUDI service and can

Andreas.Salzburger@cern.ch
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Figure 1: Schematic representation of the transportation of
track parameters and their associated errors from Surface
A to Surface B. The track parameters on surface are il-
lustrated by a local position and its error ellipse, such
as a momentum vector and a cone representing the error
on the momentum direction. The error on the magnitude of
the momentum is omitted in this illustration.

be retrieved from this service at any point in the program
flow.
The steering of the propagation setup, including the

setup of the magnetic field, the propagation algorithm and
surface finding logics is done by dedicated python classes.
The extrapolation process can be driven in two differ-

ent modes, a preconfigured and an unconfigured mode. In
the preconfigured mode, the underlying propagation setup
(type of propagation, magnetic field setup) is fully deter-
mined at startup of the program and should be used for ex-
pectable situations in the program flow.
The unconfigured mode is characterized by the fact that

the Propagator AlgTool itself is passed to the Extrapolator
AlgTool, following a strategy pattern design. This allows
an optimization of the extrapolation process by dynami-
cally choosing the propagation algorithms depending on
the situation specific parameters, such as the magnetic field,
an estimated propagation distance or even starting track pa-
rameters characteristics. Various instances of Extrapolator
AlgTools in different configurations can be used in parallel.

Design Principles
The following design principles have been respected dur-

ing the implementation of the ATLAS tracking EDM:

Lazy Initialization: Amajor design pattern for all data
classes in the new ATLAS tracking realm has been the
concept of lazy initialization, i.e. that quantities (im-

295
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• Could carry out first preliminary studies; 


• KIT group could connect with the ACTS developers 

• Involved people at KIT: me, Dr. Nils Braun, Patrick Ecker, Lu Cao, Pablo 

Goldenzweig, Michael Eliachevitch


• Plan to organize follow up workshop in August or September in 
Germany with a similar style of agenda

• Tutorials, some overview talks but ample time to work on dedicated 

projects with ACTS experts in the room to help. 
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Conclusion

IDENTIFY SHOW-STOPPERS

Goal: Achieved
There are not that many conceptual show-stoppers for just ”plugging the
ACTS extrapolation into Belle II instead of genfit”:

No DAF (should be solvable easily)
No slanted parts (but not a conceptional problem with it)
Their Kalman is working a bit differently from ours, but should be no problem
Their CDC hit handling is different (maybe this will make a difference,
maybe not)

However, if we want to replace genfit with ACTS, there is a lot more to do:
The EDM is different
The measurement model is different
No CKF, no T0

How about extrapolations in ECL, (B/E)KLM etc.?
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Dr. Nils Braun



Florian Bernlochner Kick-Off Meeting, Feb 2019 !9

AP C3: KIT

• Simulation of extensive air showers or hadronic / 
electromagnetic showers from first principles are 
time intensive tasks


• Can we delegate the entire simulation (or parts of 
it) to a neural network? 


Key challenge: sparse input features, e.g. particle type, 
energy, mass, etc. —> misses randomness of MC simulation

Dr. Markus Roth
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Reproducing T. Comput Softw Big Sci (2019) 3: 4
Martin Erdmann, Jonas Glombitza, Thorben Quast

https://arxiv.org/search/physics?searchtype=author&query=Erdmann%2C+M
https://arxiv.org/search/physics?searchtype=author&query=Glombitza%2C+J
https://arxiv.org/search/physics?searchtype=author&query=Quast%2C+T

